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Abstraet

Hydro-Québec has a long history of PTTI applications. A brief review is presented on our phase
angle measurement system and our special modified IRIG-B time code on microwave analog channels
which are still in use. This is followed by a description of the use of GPS timing receivers for fault
location on high-voltage lines and for synchronous measurement of the power grid. Then our recent
experiments of time and frequency transmission on a 250-km overhead fiber optic ground wire is
presented. This link uses one in-line optical amplifier. The absolute delay is characterized.

1 INTRODUCTION

Hydro-Québec has extensive experience with PTTI applications. Our first PTTI application
consisted of time dissemination system using the Communications Technology Satellitel!], after
which we developed a voltage angle measurement system using LORAN-C.[2] The use of power
line carriers in the vicinity of LORAN-C signals prevented us from further developing this
approach. For this reason and due to parallel developments elsewhere at Hydro-Québec, we
built a modified IRIG-B time dissemination[345] and are searching for other applications.[! This
paper describes the former applications still in use and presents the latest PTTI developments
at Hydro-Québec.

2 TIME DISSEMINATION ON ANALOG MICROWAVE
CHANNELS
2.1 IRIG-B

IRIG-B was not successful with its standard configuration for two reasons: 1) the spectrum of
the IRIG-B signal is not well adapted to the channel voice bandpass, and 2) the SSB modulation
of the microwave link adds phase distortion. Use of a 2-kHz modulated carrier plus a pilot
reference at 1 kHz provides a good way to disseminate time with an accuracy of about a few
microseconds.

We have a master clock which is based on a triple system using a RbFS driving two time
accumulators and a GPS clock. A majority decision system chose one clock to disseminate the
timing signal in our network. Slave clocks placed at strategic points acted as protection against
loss of the communication channel. Local Units are used in every substation to recover and
distribute a standard IRIG-B code to users.
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2.2 Chronological Recording of Events

The first requirement was to date every event in the power system to the nearest millisecond.
Armed with these dates, someone could then possibly be able to retrace the event’s history.

2.2 Power Frequency Control

Before the broad use of crystal clocks in every household, the electrical networks were the
largest time dissemination systems in the world, which everyone depended on to keep their
oven range clocks on time. To balance the load and the generation, we centrally controlled
part of the generated power to maintain a 60-Hz clock on time compared to our IRIG-B time
system. Figure 1 shows the Allan variance of the Hydro-Québec power system compared with
the Eastern US system.

2.4 Voltage Angle Measurement System

The measurement of the voltage angle found between strategic points on the power system has
the effect of applying a giant stethoscope on an electric grid, which reacts like Jell-O when
shaken. Signature analysis provides major clues when searching through chronological reports
of events, especially during major events (Fig. 2).

A voltage angle measuring system is still in operation. The IRIG-B system ensures the
synchronization of remote units and, with the help of local rubidium clocks, has an accuracy
rate of about 10 us.

2.5 GPS Applications
Portable Clock

We are equipped with a GPS-based portable clock used to calibrate the propagation delay
of the IRIG-B signals.

Fault Locator

We have implemented an approach similar to the one developed by the Bonneville Power
Administration, which also uses GPS as a synchronization system.

3 NEW DIGITAL COMMUNICATION SYSTEMS

Hydro-Québec is planning to replace its analog communication system with a SONET-type
system using fiber-optic-equipped overhead ground wires. This kind of installation is special
due to the fact that the fiber optics are exposed to outside elements (e.g. temperature, wind)
to a greater extent than are telecommunications systems, which are usually buried. Also, the
remote location limits the number of repeaters or line amplifiers which can be used. Typical
hops could attain each 120-130 km.

Such a system requires adequate synchronization and the noise affecting the time and frequency
propagation on the fiber optics 1S an important consideration. We were asked by Hydro-
Québec’s Telecommunications department to characterize the absolute propagation delay and
its noise.
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3.1 Measurement Setup

The optical link, which is 260 km long, is equipped with an optical line amplifier located about
midway down the link. Figure 3 presents a diagram of the measurement setup. Cesium-beam
clocks are used over the medium term and GPS clocks for the long term at each end. The
10-MHz output of the Chamouchouanne clock is modulated with a 1-pps marker and then used
to externally modulate a laser (Fig. 4).

Halfway down, an optical line amplifier is used to boost the optical signal. At the receiving
end, the optical signal is converted into an electrical signal. The 1-pps marker is retrieved to
give the absolute delay, and the 10-MHz signal is analyzed in the frequency and time domains
using the dual mixer time difference system with a 100-Hz beat frequency.

3.2 Measurement Results

Figure 5 shows the drift of the cesium at both points (note the three cesium clocks used at
Chamouchouanne). Figure 6 gives the absolute delay over the course of 3 days. Figure 7
gives the TDEV of the received signal. The long-term portion is measured using the 1-pps
information, the short-term portion using the 100-Hz beat. Figure 8 gives the frequency domain
phase noise. On both curves we see a 0.5 to 1 Hz bump. Figure 9 clearly shows oscillation,
related to span swings. The diurnal-nocturnal is included in TDEV.

4 CONCLUSION

Hydro-Québec is still active in PTTI applications. Our last measurements revealed a promising
future for time and frequency dissemination on fiber-optic-equipped overhead ground wire.
‘A hot topic will be at the convergence of synchronous measurement on power network and
information technology.

5 ACKNOWLEDGMENTS

The author is grateful to many colleagues, specially to Carlos Cerda-Seitz and Yves Delisles,
both from Hydro-Québec’s Telecommunication department, which gave us the opportunity and
ideas to conduct our fiber-optic experiments. Thanks also go to J. M. Houle, Gilles Provengal,
Daniel Gagnon, and Louis Lamarche, whose work was crucial to the good results obtained.

6 REFERENCES

[1] G. Missout, and P. Girard 1975, “Study of a method of clock synchronization by
satellite for future Hydro Quebec needs,” Proceedings of the IEEE Conference,
1975, Toronto, Canada, paper 75204, session 20.

[2] G. Missout, and P. Girard 1980, “Measurement of bus voltage angle between Mon-
treal and Sept-Iles,” IEEE Transactions on P.A.S., 99, 536-539.

[3] G. Missout, W. Lefrangois, and L. Laroche 1980, “Time dissemination in the Hydro-
Québec network,” Proceedings of the 11th Annual Precise Time and Time interval
(PTTI) Applications and Planning Meeting, 27-29 November 1979, Greenbelt, Maryland,
USA (NASA CP-2129), pp. 343-350. : -

181




[4] G. Missout, J. Béland, and G. Bédard 1981, “PTTI application at Hydro-Québec,”
Proceedings of the 12th Annual Precise Time and Time interval (PTTI) Applications and
Planning Meeting, 2-4 December 1980, Greenbelt, Maryland, USA (NASA CP-2175), pp.
377-385.

[s] G. Missout, J. Béland, D. Lebel, G. Bédard, and P. Bussiere 1982, “Time tranfer by
IRIG-B time code via dedicated telephone link,” Proceedings of the 13th Precise
Time and Time interval (PTTI) Applications and Planning Meeting, 1-3 December 1981,
Washington, D.C., USA (NASA CP-2220), pp. 281-297.

[6] G. Missout 1987, “ PTTI applications in power utilities,” Proceedings of the 18th
Annual Precise Time and Time Interval (PTTI) Applications and Planning Meeting, 2-4
December 1986, Washington D.C., USA, pp. 491-502.

182




T W W e Vmw vV Temerge T m g e T Twwery T Twmw W m‘v’*‘

I-v-v "' 'wv""v‘! 'r‘_‘v“v "v"""'"‘"“"

Figure 1. AVAR of HQ and Eastern US

power Network

Chamouchouane

Lac Edouard

Paoniga we Sarvice da st 7555

o Famises arlarvigadalaToo?

ez da prodution

Figure 2. Double short - loss of generation

Jacques' Cartier

143 km 124 km

laser

—* opt. mod.

GPS

1 pps T

Césium |

1

0 MHz

Optical amp.~

Opt. receiv.

1 pps demod

10MHz 1pps

GPS

I cesium

Figure 3. Measurement setup

183




AANAAN

10 MHz modulated

VU

- — = -

VV VYUY

1 pps detection

ref. point

21010%
20510% | Cha-
)
. Ctha3 ]
2.0010% ot 7 cronanen
E N " /
195 10® 71\\ \ 2 //
19010% | "x\? /
1.8510% . L
[ v =191329-05 » 7.758 7 144 R= 0.537 \
1.8010% {
[y = 2.51856-05 + -3.08150-13x A= 0}909/ / \
1.7510% [ Y = 1.981%5-05 + ?4}5:42&15)( H= g, kﬂ_QB
b i [T
[y = 202620-05 + -1.10B0-13% A= 090892 |
17010% L PR B N R NP PR
Jant Fobl2? Apri2s Junt2? Aug1a Oct16 Decli3

Figure 4. 1-pps frame information

Date

Figure 5. Cesium drift at both places

184

PR NV ORI U Y J

. A i ! oamaoa ) AKAAAL‘.ALiL. ..Amh-. Ak“.“-“—&_“-“_ e e o i MR A e e . A A




Délai (s)

TDEV (s)

Délai et Temp. a L. E.

1.2766 10° v

1.2764 10° |

1.2763 10°* }

1.2762 10° |

1.2785 102

vr|||.-;|||-||11r1:|1||1|‘r]||r.

E -------- Température (“(1]‘

;.[t...I|n1;|...;l...aI--1-I...1

1.2761 109 i

-5

-10
—
@
3
‘c.
&

15 B
£
[
=
o

-20

-25

Mar/3 Mar/4 Mar/4 Mar/5 Mar/s Mar/é Mar/e Mar/7
Date ’
Figure 6. Delay and temperature on 3 days

Liaison Optique Chamouchouane - Jacques Cartier

10% —rerrrme RS BEdna i B BEL AL R sy e s B AL
-7
10 3 & - @ 3
E o o ° o 3
i o |
10° | :
s o
- o ]
10" 3 ¢ |
3 o 3
I o ]
10" ¢ o |
3 o o E
X 9 Oig © ]
@

A )

10" L. o T IO SR Q.i0.-.@ o S SR SIS NN W
E o 3
b oo 3
o TDEV direcg -1
L o TDEV (osc. de transf.} ||
10-12 P T PRI MEFEWETI i 1aa PR T T Y ™

10°  10® 10t 10° 10' 10 10° 104 10° 10° 107
Tau (s)

Figure 7. TDEV

185




Il

RRV=—AMOO

b

Bruit de phase Chamouchouane 8 Jacques-Cartier 960213
HP J048A Carrieri 10,646 Hs 271376 13140126 - 14107134

o- L] 11" ¥ IIT' L) 'Tl‘ L] LR BEJ L] ll'r. L] LI LI L
.
- 10 T I L ou‘u shanespanende -nd- agsdssnnsurse c---l- ssanswanen -: stusarsdnasirsasdiirunensnsssonns
I L
+ ] ] .
-20 TIPS FURPRRNIPOIS. NERNRIRPPIPIS T PR S P Jor rennens
1 . [ !
=30 $vrecnrrereassens SRR SR B N
i H : :
TRPY, 7 NN O SRR SRR LR S TSP SN Ferttimrereanase
. 1 H .
. [] ® »
-so J . : nu}unu } (11}
" [ . '
] ¥ . .
-0 el srrsrrearirersasredbenninanies vererserrsesrarscereracgdecianseiasrnene
]
! e 1 1
-?o #.. --------------- .’.u e arage "3'" ssapbavannan Seamesasinnntnaen
* ] .
L] ‘ 1 L)
80 [=:-enrereee Y STTRITTISPERTIRITE B LT LTTITISIRTTRIIRTIOe: JoRTaerpPPvPey o
. " L3 "
L3
-m —mthLll] taraEe 'l..'ﬂ. ...... LYIITE R L LLL 1o - - wluS Ay 2 venes
. » .
. i H 3 i
-lm auhbhITILIEERRELLE L sarssecdinsesccrnas : Ber e
4
" H H : : . :
R 71 ) USRI SRR S reeereranenses rrebeareaseraensesres e a
" ’ L] 1
s : . . : : :
PN 111 ) S— arrestibirsiaresaraureass L ISP O B . - L P,
- H : : H : L
- l;o L TTLRS PP LTRY EERRR R AL ...}........-..........‘.. eenerinuavasranspran vusftiavescoranoanse
H H H H *
= [3 (] [} [} .
L 1 1 I T TP P RTPY, TP EP e PP ST TP PITTITE POPey 3 . Teesesese e
- : : : ; : : -
-Iso I senn s } RasssssnaRanssTn e é .................. 4 ............ J‘ ...... ""- OOOOOOOOOOOOOOO * ------------- -
. ] ] ¥ 1 1 " -l
] ] . H » .
PV {1 ) SN LT S T Te Tee Ty vodkaer 4 v o
- ] ] . . : . -
-170 1 | S I - [ B ' LLpd 1 1t [ LAl 1 1. 111 1 L 11

. K 10K
0.01 0.1 ! 10 100 100K

e (f)-[dBc Hz) vs. f[Hz) .

Measurement Parameter Summary

eas. Trpe 1 PHQSE LOCK LOOP K_UCO Me thod: MEASURED
tart Freq 1 8 Hz

top Freq 1 100, E+3 ﬂx K_vco t 12.58 HrAVol t
in, Aves 1LGop Suppr, 1 VERIFIED

+4 Hz Closd PLL Bt & 9§

0600 Hz
g’ﬁvﬂh PK Tune Rngel 32E§
Q

A P
ssumed Polet § RCE, MmN
MHz ‘A’, SYS, VCD

TE®Oep
* DDereD
FT S D
o as we an oo w0 o

Figure 8. Phase noise - frequency domain

186

il



D S

ST . -

Date ot Heure

Tiensims4, 13j0Smioos |
Lo anne Ecant type Maximum Minimum
§ i627E
*' ‘apce Roct Allan Varlance RMS Allan Varlance

2,68628E.3

E

E . 55502E-12

It

B

1.57081E-8

{ dans Je domaline du te . At

' 2.700E-3
2.605€-3
2.890E-3-
2.685E-3

2.680E-3

xp=

2.875E-3-

2.670E-3-

£ r~0.5¥Ha .

2.865E-3

0.c

1 T T T
1.0 2.0 3.0 4.0

1
5.0

1
8.0

. 7.0 8.0 9.0 ~ 10.

ht dans le domaine des ﬂggw

1.000E-5

1.000E-6—

1.000E-7-

1.000E-8

0.05

0.50

Figure 9. Phase oscillation

187




Questions and Answers

RICHARD KEATING (USNOQ): I understood you to say that the one-half hertz was linked to ‘
the slow oscillation of the microwave towers. Is that correct?

GILLES MISSOUT: No. The optical cable is suspended between power utility towers, not 1
microwave towers. So you have towers at, I think, every 300 meters so the cable is suspended !
there and should calculate the period of oscillation; it’s close to .5 hertz. :
RICHARD KEATING: Is it driven by wind? {

GILLES MISSOUT: Yes. ‘

s, ol

i N

- -

A s .

188 ‘




